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Abstract: Deforestation and the unsustainable management of agricultural and livestock production
systems in tropical mountain areas have caused fragmented and degraded landscapes. Payment for
ecosystem services (PES) could be an effective policy instrument with which to reduce deforestation
and restore disturbed ecosystems. The national-scale PES program in Costa Rica is recognized as
being successful; however, its financial resources have been mostly dedicated to forest protection, and
much less to reforestation projects. This paper aims to construct a micro-scale PES scheme by using
primary data generated through spatial modeling and socio-economic and stated preference surveys
(choice experiment) in southern Costa Rica. The results suggest that, on average, landholders would
agree to implement restoration projects on their own private pasturelands if an appropriate holistic
place-based approach was applied encompassing biophysical, social, economic, and institutional
aspects. Willingness-to-accept values allow payments to be linked to cattle farmers’ estimates of
specific ecosystem services (ES) and land opportunity costs. The economic valuation of three ESs
(erosion control, water availability, and biodiversity) allows construction of a layered payment
scheme, which could encourage the development of a potential partnership between national and
local institutions and NGOs as alternative buyers of ESs, reduce transaction costs, and improve
household well-being.
Keywords: payment for ecosystem services; choice experiment; cattle ranching; land restoration;
land tenure; Costa Rica
1. Introduction
Agriculture and livestock systems undoubtedly play a key role in supporting human
well-being and livelihoods. However, anthropogenic pressure and associated land degra-
dation result in a loss of biodiversity and a reduction in the variety and level of ecosystem
services (ESs) [1–4]. Regarding mountain ecosystems, empirical research suggests that
deforestation and forest degradation lead to depleted soil infiltration rates and water
infiltration capacity [5]. The shift in the frequency distribution of erosion rates depends
on the degree of human disturbance of the native vegetation [6,7], and the number of
large floods increases strongly with accelerated deforestation [8–11]. Although in general
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terms the expansion of farmland has increased the value of some essential provisioning
ESs and provided some economic benefits [12], it has also significantly affected human
well-being [2,3,12], particularly in terms of the impact on land degradation [13]. This effect
has been especially intense in tropical countries [14].
Restoration efforts aim at recovering the original characteristics of an ecosystem
that was previously degraded, damaged, or destroyed by human intervention. It was
suggested in [15] that ecological restoration increases biodiversity levels by an average of
44%. Empirical research demonstrates a significantly increasing trend in the ecosystem
carbon sequestration service [16–18], erosion and flood control services [5,9,10,19,20], and
landscape forest connectivity [21]. Restoration programs, followed by sustainable land-
use management, can improve, both the provisioning of services, and people’s well-
being [2,3,15]. However, these multiple restoration goals can also diverge and conflict [3].
Restoration goals, strategies, and actions should be approached carefully, considering
site-specific environmental conditions as a means for generating the expected ecological
synergies. Furthermore, restoration strategies face the complex challenge of increasing
the provisioning of services, such as food production, for an expanding population [22],
while simultaneously conserving or enhancing biodiversity and other types of ES [2,23].
Science-based experience in some large-scale restoration projects (e.g., the Atlantic Forest
Restoration Pact in Brazil) revealed that a successful restoration strategy needs to have
a bottom-up decision-making approach, involving a range of stakeholders, including
landowners, smallholders, nongovernment organizations, local government leaders, and
indigenous and community groups [2,24–26].
To address all of these targets, restoration actions need the support of financial in-
centives, and most reforestation projects have shown net benefits, in both developed and
developing countries [18,27,28]. Nonetheless, in broader terms, the efficiency of conser-
vation and economic outcomes, often using cost-effectiveness as a proxy, should never
outweigh the social equity dimensions and non-market value [29–31]. Ultimately, such
financial incentives are usually instrumentalized in a subsidy-like approach, which means
conditional cash payments aiming to compensate for the possible costs of alternative en-
vironmental land-use stewardship. These incentive mechanisms are conceptualized as
payments for ecosystem services (PES) around the world. Even though they can show
a wide range of specific characteristics, PES schemes have two fundamental attributes:
voluntariness and additionality.
Unlike traditional command-and-control environmental policies, PES programs repre-
sent a novel paradigm by introducing a voluntary approach. Additionality in this context
is commonly defined as the measured outcome of a policy or project, in addition to what
might have occurred in the absence of a PES scheme [32]. However, this concept has
been mostly applied in strictly environmental terms as “the net impact of the biophysical
provision of ecosystem services, in comparison with the baseline scenario or hypothetical
situation where the PES scheme is not in place” [33]. According to [34], environmental addi-
tionality is positively influenced by three factors: spatial targeting, payment differentiation,
and strong conditionality.
Accepting the existence of a polarized academic discussion surrounding efficiency
versus equity, this debate has accomplished an expansion of the capabilities, dimensions,
and limits of Wunder’s pioneering conceptualization of PES [35]. Therefore, other attributes
such as economic fairness and personal well-being should be taken into account. For exam-
ple, given a compensation criterion approach, payments should compensate landholders
for lost benefits related to the provision of environmental services and be differentiated
according to the cost of such provision. Their willingness to accept (WTA) compensation
for the services they provide is largely determined by the degree to which their livelihood
depends on the land covered by the program. This, in turn, affects the opportunity cost of
supplying the services. In addition, WTA is also a function of the potential on-farm benefits
derived from the promoted land use change [33].
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The pioneering nationwide PES program in Costa Rica is mostly recognized with regard
to the conservation of remaining forests. In fact, from its inception in 1997 until 2018, almost
90% of the land covered was for strict forest protection (over one million hectares), while
payments for reforestation were received for about 70,000 hectares [36]. Several studies have
evaluated the impact of the program on reducing deforestation rates [37–39], on the effects
on poverty and equity [40–42], and on the overall efficiency [42–44]. However, there is little
scientific evidence about the preference of landholders for enrolling in a PES arrangement for
reforestation purposes on their own property. There is also scarce information about the links
between payments, land opportunity costs, and landholders’ economic valuation of ES.
In this study, a micro-scale PES scheme is assessed with the support of a GIS-based
spatial dataset in the Claro River sub-watershed (southern Costa Rica). Discrete choice
modeling was carried out to elicit the preferences of landholders at the site regarding
alternative restoration options, giving several ESs as attributes in the choice set. Choice
experiments (CEs) are often used to examine human-induced changes in an ecosystem, rep-
resented by a set of attributes for which people can establish their preferences [45]. Closely
related to this study, CEs have been applied as a method to investigate the preferences
of farmers for participating in environmental incentive-based mechanisms in developing
countries [46–53]. Most of them focused on analyzing the factors that can influence poten-
tial enrolment in hypothetical PES contracts, and just a few include the perception of the
benefits of ecosystem services [49,52]. Unlike other studies, ours includes a place-based
approach that complements the economic analysis from a micro-scale perspective.
This research was aimed at investigating some of the main shortcomings of the national
PES program in Costa Rica reported by researchers and scholars, in terms of the lack of a
spatial targeting approach, landholder WTA, and opportunity cost data. Specifically, this
paper tries to respond to four questions: (1) Are landholders in the Claro River sub-watershed
willing to implement reforestation projects by reducing cattle grazing pasture areas? (2) What
is the minimum level of willingness to accept compensating payment to join a hypothetical
PES program? (3) To what extent do current payments for reforestation reflect current land
opportunity costs? (4) Could the estimated landholders’ marginal economic valuation of
determined ES could be endogenized into a micro-scale PES scheme?
2. An Overview of the Nationwide PES Program in Costa Rica
Costa-Rica’s national-scale PES program emerged in 1995 from a convergence of vari-
ous factors that led to the 1995 Forestry Law reform, which entailed a necessary increased
level of restrictions on legal tree extraction. The program bundles together the provision of
four main ESs: carbon sequestration, biodiversity protection, water regulation, and land-
scape beauty. It provides direct cash payments to private landowners for different types of
five-year contracts: forest protection, reforestation, sustainable forest management, and
agroforestry [42]. The National Forestry Fund (FONAFIFO) is the institutional mediator
responsible for administrating the PES program. This mediating role can be described as
the process by which the beneficiaries of the program give their acquired rights to the ES to
FONAFIFO, which then sells them to potential buyers [54].
The program continues to be one of the most advanced in terms of experimentation in
governance [55]; however, its environmental effects have often been questioned. Empirical
studies suggest it has a minimal impact on reducing deforestation rates [37–39]. With
respect to the socio-economic outcomes, apart from indigenous territories, most of the
payments are captured by relatively wealthy landowners [41,56]. According to [40], there
is no evidence of improvements in tangible household well-being, and it also does not
appear to have benefited participants in terms of better means of living. The program does
not have an explicit social component, despite it being a government-led initiative [36].
With respect to the policy criterion of conditionality, FONAFIFO established a prag-
matic approach, where the extension of forest land is used as a proxy for ES [42]. Further-
more, and beyond the relative or even minimal impact on reducing deforestation rates, the
outcome of the program in terms of additionality would require constructing a baseline
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dataset and conducting a systematic modeling analysis in the absence of a program for
each PES contract. It was noted in [57] that a PES may result in more additionality if it is
properly reoriented towards enhancing landscape restoration.
Additionality is positively influenced by spatial targeting; therefore, a land-use ap-
proach would allow FONAFIFO to allocate the optimal resources in order to prioritize
and maximize the spatial provision of ES. Several studies [57–59] strongly recommend
using a landscape approach, along with socio-economic and ecological indicators, for
a more intensive and adequate assumption of an additionality principle in the national
policy priorities. Moreover, the key factor for ensuring that a PES scheme is effective relies
on the extent of the alignment of payments received by landholders with the additional
enhancement of ES over the status quo scenario [60].
The decision on final levels of payments to be provided by nationwide public programs
is usually arbitrary and will inevitably be influenced by administrative resolutions based
on the available budget [42]; in fact, actual payments for reforestation still reflect levels
prior to the program’s introduction, and payments for forest protection were initially
established on the then current renting price of pastureland. Current incentives are based
approximately on national averages of the opportunity costs of forgone cattle pasture [58].
However, in theoretical terms, the payment level should reflect two important factors:
(1) the estimated value of the ES provided by the forest, and (2) the opportunity cost for
the landowner associated with participating.
Another debated subject highlighted by scholars regarding the Costa Rican PES
scheme is the strong dependence on fixed payments [55,57,59], regardless of the spatial
variability in the provision of environmental services or the cost of the required manage-
ment practices to different landholders [54]. The method of accounting is determined by
bundling the four officially selected ESs (carbon sequestration, landscape beauty, biodi-
versity conservation, and water protection). In this way, each piece of land, regardless
of its particular ES value, receives a fixed payment. More recently, payment levels for
forest protection have introduced differentiation for areas that are hydrologic hotspots. In
addition, the reforestation category distinguishes four modalities: reforestation with fast-
growing species, medium-growing species, native species, and natural regeneration. As an
alternative to bundling, the layering of ecosystem services refers to separating payments
for each site-specific ES to be provided in a packaged scheme [61].
There are also significant shortcomings in the PES design, and several improvements
have been suggested, focusing on the development of differentiated payments that would
reflect different opportunity costs. Considering that this type of design might be technically
difficult, auctions have been encouraged [59] as a means of revealing opportunity costs [42],
although implementing them would necessarily be costly. Another alternative for revealing
opportunity costs, as well as eliciting landholders’ preference for enrolment and level of
WTA, is through a CE approach.
In addition, the diverse range of factors promoting or preventing landowner participation
in the PES program have also been examined. According to [62], the Costa Rican case
illustrates that participation is led by landowners and is greatly influenced by their capacity
to cover transaction, legal, and information costs, and to satisfy land tenure requirements.
However, one of the stricter institutional requirements of FONAFIFO, which limits access to
enrolment in the program, is the lack of legal property titles among smaller landholders [42].
It was found in [63] that a combination of poor environmental conditions for agriculture and
the opportunity cost calculus of landowners drives the decision to enroll in the program.
One more important constraint, often highlighted in theoretical and empirical studies,
is the high transaction costs. PES contracts commonly incur two types of transaction
costs: (1) those assumed by FONAFIFO that might discourage, even by legal means,
the participation of smallholders [43]; and (2) those inevitably assumed by the eventual
beneficiaries, which will necessarily affect their initial interest in participating in the
program [64]. The costs assumed by beneficiaries are the greatest barrier to participation by
the most vulnerable in developing countries [64–66]. Transaction costs include all expenses
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for contract establishment and maintenance (e.g., travel expenses, information gathering,
the design of a management plan, and external monitoring). According to [67], estimates
of transaction costs borne by participants vary from 12 to 18% of the total payments.
Beyond the national program, there are two remarkable experiences with local PESs in
Costa Rica. On the one hand, the Heredia watershed payment scheme, managed by an ad
hoc public enterprise and partially funded by a private corporation, provides payments to
landowners to avoid land degradation of the area upstream of the watershed, where water
sources are located. Although this scheme incorporates an explicit place-based approach,
focusing on the provision of hydrological services within a watershed, it fails in not taking
an additionality approach or adding other types of ES [68]. On the other hand, the RISEMP
project scheme, sponsored by the World Bank and the Global Environment Facility (GEF)
and coordinated by the Center for Tropical Agriculture, Research and Education (CATIE),
facilitates payments to livestock producers conditioned on the adoption of silvopastoral
practices. This project succeeds in at least two aspects: (1) it introduces a differentiated
payment scheme reflecting differences in the intensity of silvopastoral efforts, and (2) it
layers two ESs (biodiversity and carbon sequestration) [69,70].
3. Materials and Methods
3.1. Description of the Study Area
The study area is the Claro River sub-watershed, located in the Fila Cruces mountain
range (8◦40′–8◦47′30′′ N and 82◦57′30′′–83◦4′30′′ W) in southern Costa Rica (Figure 1). The
area has a humid tropical climate, with mean annual precipitation of 4000–6000 mm. Its
altitude lies between 60 and 1650 m.a.s.l. and it covers a total area of 10,081 km2. It is an
ecosystem with a very steeply sloped topography, characterized by biological connectivity
and high ecological endemism [71]. This territory has been threatened by deforestation
and fragmentation processes, in which land is mainly occupied by extensive livestock and
subsistence agriculture [71–74]. These human activities are also causing severe alteration of
the hydrological balance, the effects of which result in erosion and a high risk of landslides,
floods [75], and sedimentation into the Golfo Dulce, affecting the coral reefs [76–79].
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Figure 1. Geographic location of Claro River sub-watershed. 
Figure 1. Geographic location of Claro River sub-watershed. Clearer figure in the Supplementary Materials.
3.2. GIS Erosion Susceptibility Assessment
The Claro River sub-watershed is especially affected by intense fragmentation in its
upper part, which is also characterized by steep slopes. This disturbance has caused a great
number of erosive events, including severe landslides. During the rainy season, floods
are common in the lower lands affecting Rio Claro town. Actions that have been taken to
avoid persistent flooding have focused on the construction of temporary levees (Figure 2).
An empirical geological study recommended the implementation of reforestation policies
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due to highly overexploited terrain, mostly on steeply sloping land used as pasture and at
high risk of landslides [75].
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Figure 2. Environmental vulnerability caused by erosion in the Claro River sub-watershed: (a) drastic
land-use change in livestock production on steeply sloping terrain located in the upper sub-watershed;
(b) severe landslides also occur in the upper sub-watershed; (c) frequent floods affect lowlands close
to Rio Claro town; (d) temporary levees are built to prevent floods in the town.
As part of an integrated assessment approach, employing primary data, an erosion
susceptibility map was generated by using artificial neural networks [80]. It reveals severe
alteration of the ecosystem in terms of the probability of occurrence of erosion events,
especially in the upper sub-watershed (Figure 3). Empirical results suggest a strong spatial
correlation between the erosion susceptibility index and land use and land cover data. The
highest index values were reached in pasturelands and disturbed forests, and the lowest
values in natural forest areas [80,81].
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Research and restoration projects have been carried out over the past decade on
abandoned and degraded agricultural and pasture lands near the upper sub-watershed of
the river. Different restoration strategies have been tested, such as natural regeneration,
applied nucleation/island tree planting, and plantation. Designing a cost-effective restora-
tion strategy requires experience and knowledge from testing alternative treatments and
knowledge of the adaptive dynamics of the plant species and the site characteristics, as
well as the pre-defined ecological goal to be achieved [24,82]. The specific landscape and
the biophysical and microclimatic conditions of the area, along with the low seed dispersal,
aggressive exotic vegetation, and soil degradation represent strong limitations to natural
regeneration for optimum forest recovery [83]. Results demonstrate that an active restora-
tion strategy based on applied nucleation is the most cost-effective method compared to
plantation in order to rapidly establish canopy cover and restore large areas [84–86].
3.3. Choice Experiment
3.3.1. Theoretical Approach
A choice experiment is a stated preference technique based on demand, welfare, and
consumer theory [87], and the random utility model (RUM) developed by [88]. This study
employed a choice experiment (CE) model to elicit individual landholders’ preferences for
adopting active ecological restoration measures in relation to their current cattle grazing
land stewardship. This methodology relies on the assumption of the expected rational
behavior of the subjects. Their choices among hypothetical alternatives should reveal
the order of their preferences. A CE can offer several advantages over other non-market
valuation methods, such as contingent valuation, including the ability to evaluate potential
combinations of program characteristics [50], greater statistical efficiency, and better control
of the collinearity of experimental stimuli among attributes [89].
However, the hypothetical nature of decision making in a choice experiment raises
questions concerning three potential sources of bias. The first has to do with the respondents
having a real understanding of the meaning and scope of the experiment, where bias may
result from a lack of incentive to truthfully reveal their own preferences [53]. For this
reason, conducting the experiment requires a prior induction exercise involving the use
of charts and images to facilitate the identification of attributes and careful construction
of the valuation scenario. Including cheap talk scripts, such as those developed by [90],
has also been found to reduce hypothetical bias [91,92]. Second, the respondents may
reveal a certain degree of caution or uncertainty about their preferences relative to their
perception of institutional constraints when implementing the proposed environmental
policies [93]. A third source of potential bias is in the underlying incentive for respondents
to accommodate their choices to the researcher’s view, thus the experiment may be affected
by a lack of truthfulness [53].
3.3.2. Experimental Design and Data Collection
The CE model was designed by presenting choice sets to each respondent with two
generic active restoration policies, with each alternative encompassing environmental
attributes and their associated levels reflecting the expected impacts. The environmental
attributes selected for valuation were three ESs: erosion control (ERO), water availability
(WATER), and biodiversity (BIO). Table 1 shows the attributes and levels considered in this
study. They aim at capturing in percentages the expected future level of provision of each
ES. These values were obtained through consultation with experts. In addition, a fourth
attribute represents the selected proportion of pastureland dedicated to the implementation
of restoration actions (AREA). A maximum level of 50% was established, allowing livestock
production in the remaining pastureland. Finally, the payment attribute (PAY) is defined
as the minimum compensating payment that the farmer would be willing to accept to
implement a restoration project in pastureland. Payment values are reported in Costa Rican
colones. The proposed selection of attributes allows us to assess the relative importance of
ESs to individual landholders’ choices regarding restoration initiatives.
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Table 1. Description of attributes and levels.
Attribute Attribute Levels
Erosion control (ERO) 25, 35, 65%
Water availability (WATER) 15, 30, 60%
Biodiversity (BIO) 20, 30, 40%
Area (AREA) 15, 25, 50%




1USD = 557.34 CRC (October 2017).
The attributes and levels were combined using an orthogonal main effects design [47,49,94],
which generated a fractional factorial design of 16 choice sets from the full factorial of 43 × 41
possible combinations [95–97]. Each choice set consisted of two generic alternatives (A and B),
along with a status quo option describing the current grazing livestock production. The choice
sets were not assigned in blocks, as is commonly done in practice, due to the limited sample
size in the Claro River sub-watershed. The total number of observations was 496 (a total dataset
of 82 respondents generated 492 observations in [48]).
The fieldwork was carried out between November 2017 and April 2018. A total of
31 landholders dedicated to livestock activity and located in the Claro River sub-watershed
area were finally interviewed out of the estimated census data of 38 properties, based on the
data offered by the local San Vito cattle farmers’ chamber. The questionnaire (available on
request) comprised two parts. The first part consists of respondent characteristics such as
demographics, socioeconomic factors, and experience with natural resource management
and environmental conservation. The second part presents the choice questions, including
descriptions of the situations and a series of alternative soil management arrangements,
for which respondents were asked to indicate their preference. Choice cards were used to
elicit preferences, an example of which is shown in Figure 4.
3.3.3. Theory and Econometric Analysis
Following this model, people are assumed to choose the option that results in max-
imum utility for their daily decision-making. Thus, if individual n faces m mutually
exclusive alternatives, the utility that the individual obtains from alternative j Unj can be
formalized as follows:
Unj = Vnj + εnj (1)
where Vnj is the observable part of utility (deterministic component) and εnj is the non-
observable part (random component).
The observed utility component for individual n is assumed to be a linear additive
function of xnjk variables for k = 1, . . . , K attributes that describe every alternative j, each
weighted with a coefficient βnjk:
Vnj = ∑Kk=1 xnjkβnjk (2)
The stochastic component of utility εnj is assumed to be independent and identically
distributed (IID) with a type I extreme value (Gumbel) distribution [88], so that the param-
eters of Equation (2) can be estimated by means of multinomial logit (MNL) regression.
However, the MNL model has two relevant drawbacks. First, as a consequence of the IID
property, the model relies on the assumption that choices are consistent with the inde-
pendent and irrelevant alternatives (IIA) property. This axiom states that the ratio of the
probabilities of choosing one alternative over another (given that both alternatives have a
non-zero probability of choice) is unaffected by the presence or absence of changes in the
choice set [98]. The IIA property is usually checked by the test proposed in [99].
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Second, the MLN model relies on an assumption of homogeneous preferences across
respondents. Assuming the resence of taste variations, some degree of preference het-
erogenei y is required to be in orporated into t e model: ( ) observed heterogeneity, by
allowing for int ractions between socioeconomic characteristics and ttributes of the alter-
natives or constant terms; or (ii) unobserved heterogeneity, by estimating coefficients over
a continuous distribution rather than as a point estimate [45].
Unj = βxnj + β̃nxnj + εnj (3)
Thus, each individual coefficient vector β is the sum of population mean β and
individual deviation β̃n. The stochastic part of utility, β̃ixnj + εnj, is correlated between
alternatives, which means that the model does not exhibit the IIA property. If the error
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terms are IID type I extreme values, the model obtained is a random parameter logit (RPL).
An RPL model allows parameters to vary randomly across individuals (but not across
choice situations), providing a continuous distribution of preferences [100]. The model
can include alternative specific constants (ASCs) for the status quo or for the restoration
alternatives and interactions between the ASCs and respondent-specific characteristics
(covariates) in order to improve the model fit [101], so that Equation (3) is rewritten
as Equation (4):
Unj = ASCj + βxnj + β̃nxnj + αjm ASCj ∗ Smn + δnm xnj ∗ Snm ++εnj (4)
where ASCj is the alternative specific constant for alternative j, αjm is the vector of coefficients
of the interactions between the ASC and the mth socioeconomic characteristic of individual n
(Smn), and δnm is the vector of coefficients of interactions between the attributes and the mth
socioeconomic characteristic of individual n. The ASC captures the average influence on the
utility of unobserved factors that are correlated to alternative j. Many authors recommend
including ASC terms [102,103], and their use is favored in the current state of art, although
there are case studies in the literature that exclude ASCs [104–106]. It has been argued that
ASCs are important in order for interpreting individual preferences [107]. Including ASCs
helps to reduce inaccuracies due to violation of the assumption of IIA [103], and excluding
them could result in biased attribute parameter estimates, since the remainder of the model
would attempt to capture both observed and unobserved effects [102].
In this study, ASC was considered to be a random variable and was assigned to be
correlated to the status quo alternative. In this sense, the parameter was coded zero for
generic alternatives A and B, and one for the status quo option. If the sign of its estimated
value is positive, respondents would, on average, prefer the status quo over the alternatives,
and vice versa. The socioeconomic and attitudinal factors of respondent characteristics
can be also included through interactions with the alternative specific constants, in order
to improve the model fit. Furthermore, to test for the influence of socio-demographic
variables on choices, interaction terms of ASC and other attributes were also generated.
Another alternative method for assessing the presence of unobserved heterogeneity in
the model is to identify potential segments or subgroups across respondents who share
preferences and socio-economic characteristics [100]. The latent class (LC) model can
be considered a semi-parametric version of the RPL, where parameters are distributed
discretely with a finite set of values. The model does not require additional assumptions
regarding the distribution of β; instead, it assumes the existence of a given number of
classes that are not observable by the analyst, as well as which individuals belong to which
class. Membership of a particular class or segment for each individual is estimated through
a latent membership likelihood function that depends on the socio-economic characteristics
of the individual and not the characteristics of the program’s attributes. The relevance
of the LC model over the RPL is in the capturing of further information regarding the
presence of differentiated classes, which could be useful in policy design [50]. Even if
unobserved heterogeneity is accounted for in both RPL or LC methods, the model may fail
to explain the source of heterogeneity [52].
Both RPL and LC models were estimated with R.3.4.2 [108] using the GMNL pack-
age [109]. The log-likelihoods were simulated using 200 shuffled Halton draws in a
quasi-Monte Carlo maximum likelihood simulation. Model selection was based on the
lowest Akaike information criterion (AIC). An iterative process was used, in which interac-
tion variables (i.e., socio-demographic variables) were subtracted one by one, starting with
the least statistically significant, and comparing the model to the previous one based on
AIC. When only statistically significant interaction variables remained, the first ones to be
dropped were progressively re-added and the model was re-evaluated for improvements
to AIC, regardless of statistical significance.
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4. Results
4.1. Descriptive Statistics of Respondent Characteristics
Based on the field survey, the majority of interviewed households were entirely
dedicated to cattle ranching (74%) and the others to dual purpose cattle ranching, for both
meat and milk production. Specifically, the revenue of ranching holdings is generated from
the sale of animals, while in dual-purpose farming income is obtained from a combination
of selling animals (occasionally) and milk (including its use in cheese production).
Table 2 shows a summary of descriptive statistics for the survey respondents. About
74% of the respondents were male, and the respondents’ average age was over 49. It
is relevant to highlight that the female respondents were mainly young women, fully
involved in farming duties. About 36% of the households had their place of residence in
nearby towns and villages of San Vito, Concepción, Aguabuena, and Rio Claro. These
correspond to the wealthiest households, which own the largest land parcels and the most
livestock units. Some of residents were professionals or perform alternative jobs in the
towns. Out of the total survey population, only 25% had property rights, a proportion in
agreement with the data collected in nearby Osa Peninsula [42]. As mentioned above, this
is one of the main constraints on having access to credit and PES schemes, especially for
the reforestation category.
Table 2. Characteristics of survey households.
Respondent Characteristics Value (std. dev)
Average age (years) 49.36 (14.86)
Female respondents (%) 25.8
Households with place of residence outside land parcel (%) 36
Property rights (%) 25
Average size of pasturelands (ha) 38.16 (37.78)
Average size of forests (ha) 29.06 (18.27)
Average total number of cattle units 28.13 (20.21)
Cattle farming model (ranching) (%) 74
The average size of the pasture area within the total land parcel was reported to be
about 38 hectares, although the high value of standard deviation (~37 ha) reveals a wide
range of pastureland area across the properties, with an average number of cattle units of
about 28. The vast majority of land parcels contain fragments of forest cover, either primary,
secondary, or riparian, with an average size of about 30 hectares. This feature indicates a
concern for the environment and a perception of forest benefits. There is no spatial evidence
in the last decade of the clearing of forests for agriculture or livestock purposes [80].
4.2. Random Parameter Logit Model
The estimation results of the RPL models, both with and without respondent charac-
teristics, are reported in Table 3. The values of the AIC statistic for both models reveal an
improvement in the degree of goodness-of-fit for the model with covariates. Therefore, the
latter was considered for further analysis. The selected respondent characteristics or covari-
ates were those that reached the highest statistical significance. Two random parameters
for attributes (ASC and AREA) were included and specified as normally distributed. The
model also contains interaction effects between random variables and covariates. The pay-
ment attribute is fixed and measured in present value terms so that meaningful estimates
of WTA can be calculated [46].
The status quo parameter (ASC) is negative, implying that, on average, most of the
landholders were interested and willing to participate in a restoration initiative over the
status quo option. As expected, an almost equal distribution of choices was found between
the two hypothetical, generic restoration alternatives presented to the respondents. The
first alternative was chosen in 36.5% of cases and the second in 35.7% of cases, confirming
the absence of selection bias in the hypothetical alternatives due to design error [52].
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Table 3. Results of random parameter logit models.
Variables and Interaction Effects RPL without Covariates (Model 1) RPL with Covariates (Model 2)
ASC (for status quo alternative) −0.090 (0.898) −1.949 (0.819) *
Erosion control (ERO) 0.019 (0.004) *** 0.019 (0.004) ***
Water availability (WATER) 0.017 (0.004) *** 0.017 (0.004) ***
Biodiversity (BIO) 0.003 (0.009) 0.003 (0.009)
Area (AREA) −0.070 (0.024) ** −0.077 (0.034) *
Payment (PAY) 0.014 (0.001) *** 0.014 (0.001) ***
ASC × Dual purpose - 3.211 (0.731) ***
ASC × Pastureland size . 0.022 (0.008) **
Area × Dual purpose - −0.114 (0.057) *
Standard deviation
ASC 3.521(1.118) ** 0.131 (0.711)
Area 0.109 (0.020) *** 0.156 (0.025) ***
AIC 600.508 587.37
Log likelihood −292.25 −282.69
Number of observations 496 496
Standard errors in parentheses. * Significant at p < 0.1, ** significant at p < 0.05, *** significant at p < 0.01.
The positive signs and statistical significance of the coefficient estimates for the ES
attributes (apart from BIO) indicate a higher likelihood that a landholder would participate
in a restoration program. The erosion control (ERO) and water availability (WATER)
attributes show high statistical significance and a similar coefficient magnitude, with
ERO slightly more preferred than WATER. The negative sign of the AREA attribute,
which describes the maximum portion of pastureland that farmers would be willing
to convert to reforestation, indicates that the greater its value, the lower its utility to
respondents. This sign is expected, indicating that households obtain a regular income
from livestock production.
The incorporation and accounting of unobserved preference heterogeneity among
respondents by allowing model parameters to vary randomly across individuals is partially
explained by the presence of statistically significant estimates of their standard devia-
tions [110] registered by the ASC (in the model without covariates) and AREA random
parameters. In order to explore possible sources of heterogeneity, several interactions
among the attributes and socioeconomic characteristics of the respondents were tried, but
only the ones depicted in Table 3 were found to be significant. The interaction between
ASC and the dual-purpose scheme shows a positive sign, which may indicate that farmers
working under this scheme are less likely to participate in a restoration program. In addi-
tion, the interaction between ASC and pastureland size reveals that the larger the size, the
higher the probability that the current situation (status quo) would be chosen (p < 0.05).
The implication of the negative sign for the interaction between the AREA attribute
and the dual-purpose scheme is that landholders using this scheme are more likely to set
aside a smaller proportion of pastureland for reforestation purposes. The significance and
negative sign of ASC indicates that the utility for respondents is higher for the two hypo-
thetical, generic environmental alternatives than the status quo option when everything
else is held constant. In other words, the majority of respondents showed a strong prefer-
ence for improving the status quo scenario beyond what was depicted by the proposed
attributes shown on the choice cards [111].
4.3. Latent Class Logit Model
In contrast to RPL, the LC model allows for the detection of groups with homogenous
behavior within the sample of respondents. Hence, the model assumes that the landholders’
preferences are similar within classes and different between them. The choice of the optimal
number of segments with heterogeneous preferences was based on the AIC statistics,
although as suggested in [112], it is better determined through the Bayesian information
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criterion (BIC). In addition, it was recommended in [102] to assess the values of statistical
significance, signs and magnitude of estimated parameters, and cautiously observe the
socioeconomic characteristics of the target population [113].
Applying all of these criteria in this study resulted in two groups showing a clearly
differentiated behavioral status. ASC was coded as for the RPL model. Table 4 reports the
parameter estimates for each class and the class membership predicted function based on
the socioeconomic covariates.
Table 4. Results of latent class model estimates.
Attributes Class 1 Class 2
ASC (for status quo alternative) 1.964 (1.012) −1.638 (0.564) **
Erosion control (ERO) 0.146 (0.221) 0.288 (0.075) ***
Water availability (WATER) 0.013 (0.252) 0.337 (0.082) ***
Biodiversity (BIO) −0.048 (0.204) −0.020 (0.084)
Area (AREA) −2.131 (0.336) *** −0.168 (0.085)
Payment (PAY) 1.244 (0.213) *** 0.280 (0.073) ***
Membership equation
Intercept 4.794 (0.638) ***
Pastureland size 0.017 (0.003) ***
Forest land size 0.141 (0.028) ***
Dual purpose −2.696 (0.295) ***
Age −0.182 (0.023) ***
Average membership probability 38.70 61.29
AIC 669.42
Log likelihood −317.71
Number of observations 496
Standard errors in parentheses. ** significant at p < 0.05, *** significant at p < 0.01.
According to the results of the LC model estimates, 38.7% of the respondents belong
to class 1 and the remaining 61.29% to class 2. The respondents in class 1 did not make their
choices depending on the ES attributes, as the estimated coefficients were not statistically
significant. Furthermore, they seemed to express a strong preference for maintaining the
largest portion dedicated to pastureland, as shown by the magnitude and significantly
negative value of the AREA coefficient. In addition, class 1 displays a higher sensitivity
to the payment attribute compared with class 2. In summary, the profile of respondents
in class 1 demonstrates a relatively reluctant attitude towards the proposed restoration
alternatives. In contrast, the pattern of preferences of class 2 indicates that these individuals
have an explicit environmental concern, as shown by the significantly positive values of
the ES attributes and the significance and negative sign of ASC. In addition, this class is
less sensitive to payment levels. In sum, class 2 is defined by similar average preferences
as found in the RPL model.
The estimated coefficients of the membership equation provide information about
the sources of preference heterogeneity across both classes. The membership function
coefficients for class 1 are normalized to zero, in order to be able to identify the remaining
coefficients, hence the membership equation for class 2 has to be evaluated relative to class
1. The positive sign of the pastureland size variable indicates that individuals who have
larger pasturelands are more likely to belong to class 2. This result is reasonable, given
the fact that landholders with larger properties are more likely to implement restauration
initiatives, compared with households that have smaller land parcels, and therefore a
higher dependency on land-use resources. The majority of these households are involved
in dual-purpose activities, and their land parcels have a smaller average size than those
involved solely in cattle ranching. This interpretation is consistent with the significance
and negative sign of the dual-purpose variable, which indicates that households using this
farming regime are more likely to belong to class 1. The positive sign of the forest size
variable implies that landholders with larger parcels of forest are more likely to belong to
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class 2. With regard to the age variable, younger people are more in favor of implementing
restoration initiatives than older people.
4.4. Marginal Value of Attributes and Welfare Change
As a result of the logit transformation of the econometric calculation of the utility
function, the coefficient estimates can be interpreted as the relative contribution of a unit
change in a particular attribute to the probability that a given choice is made while holding
everything else constant. In theory, willingness-to-pay (WTP) estimates are determined by
calculating the ratio of an attribute’s marginal utility to the marginal utility of income [114].
The estimated coefficient on the payment attribute βnj generated by both RPL and LC
models can be interpreted as the marginal utility of income [45]. For linear attribute
parameters, the marginal willingness to pay (mWTP) equals the negative ratio of the








This study assumes the payment attribute to be fixed and not randomly distributed, so the
parameters and distributions for WTA compensation can be easily estimated [101,104,115,116].
In addition, the payment vehicle is defined as a compensation amount, so that the denominator
of Equation (5) will be positive, and therefore the corresponding ratio or “implicit price”
indicates a WTA compensation amount.
In order to examine a broader meaning of mWTA estimates, a common method is to
calculate the marginal individual welfare changes or compensating surplus (CS) related to
different policy scenarios by using the formula provided in [114]:
CS = − (U0 −U1)
βnp
(6)
where U0 indicates utility at the status quo, U1 indicates the utility of a determined policy
scenario, and βnp is the parameter estimate of income. For this calculation, it is assumed
that the utility is linear and separable into attributes.
The WTA estimates were calculated for the different attributes of the model by using
Equation (5) from RPL models, both with and without covariates, and are reported in
Table 5. The values are measured in CRC/ha/year for a unit increase in attribute level.
The monetary values reveal few differences among the ecosystem service attributes, but a
remarkable difference in the ASC attribute. The two RPL model estimates denote similar
differences between their respective coefficients (see Table 3). In this case, the ASC attribute
was previously defined as a random variable with a normal distribution, and as the
payment level is fixed, the respective WTA amount will also be normally distributed,
which accounts for statistically significant standard deviations across the respondents. The
preference heterogeneity among respondents is reflected by a significant difference in WTA
estimates [116].
Table 5. Marginal willingness to accept, in CRC 1000 per hectare per year, in 2017.
Attributes RPL Model without Covariates RPL Model with Covariates
ERO 1.419 (0.747, 2.091) *** 1.413 (0.738, 2.088) ***
WATER 1.212 (0.599, 1.825) *** 1.222 (0.606, 1.837) ***
AREA −4.990 (−8.509, −1.470) ** −5.519 (−10.460, −0.579) *
ASC −6.433 (−132.413, 119.545) −139.183 (-269.097, −9.269) *
95% confidence interval in parentheses. * Significant at p < 0.1, ** significant at p < 0.05, *** significant at p < 0.01.
USD 1 = CRC 557.34 (October 2017).
The positive sign of the marginal rate of substitution for the environmental attributes
indicates that, with everything else being equal, respondents would be better off on average
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with an increase in the levels of those attributes. For a 1% improvement in the provision
of ERO, farmers on average would be willing to pay a premium of 1413 CRC/ha/year
(approximately 2.54 USD/ha/year). Similarly, for a 1% improvement in the provision of
WATER, farmers on average would be willing to pay 1222 CRC/ha/year (approximately
2.17 USD/ha/year). All of these monetary values can also be interpreted in terms of
existing and future bequest values, representing the economic importance that landholders
assign to the enhancement of ecosystem services for present and future generations.
The marginal rate of substitution for the AREA attribute represents a significant
feature. In this case, as noted above, AREA refers to the maximum portion of pastureland
that landholders would be willing to give up in order to implement restoration initiatives.
Hence, for a 1% increase in the portion of pasture area for restoration purposes, landholders
on average would be willing to accept at least CRC 5227 (approximately USD 9.38) per
hectare per year (RPL model without covariates) and CRC 5519 (approximately USD 9.90)
per hectare per year (RPL model with covariates). The ASC monetary value suggests a
baseline payment to consider participating in a restoration initiative (irrespective of the
attributes considered in the model).
The welfare values of potential restoration scenarios were estimated by applying
Equation (6) with the results of the RPL model with covariates. Three hypothetical policy
scenarios were evaluated, reflecting the different degrees of implementation and environ-
mental effects of the restoration strategies (strong, medium, and weak). Table 6 reports
the attribute levels and compensating surplus estimates for each scenario. The status quo
scenario is related to the current grazing livestock and the attribute levels are set to zero, so
that the potential negative environmental impact is not considered for comparison pur-
poses. The negative sign of the compensating surplus (CS) estimates implies, in practical
terms, the requirement of an additional incentive payment for landholders to implement
these restoration scenarios. These monetary values indicate a welfare change due to the
proposed policy scenarios, taking into consideration both the utility associated with the
attributes and the exclusion of the value associated with the baseline payment.
Table 6. Compensating surplus (CS) for different restoration scenarios, in 1000 CRC per hectare per year, in 2017.
Scenario Levels of Attributes Compensating Surplus
ERO WATER BIO AREA Mean Confidence Interval
Strong restoration (I) 65% 60% 40% 50% −100.086 (−612.950, 412.776)
Medium restoration (II) 35% 30% 30% 25% −43.835 (−315.233, 227.562)
Weak restoration (III) 25% 15% 20% 15% −23.777 (−190.041, 142.486)
95% confidence interval in parentheses. USD 1 = CRC 557.34 (October 2017).
The welfare value results shown in Table 6 correspond to the mean amount of money
that an individual landholder would be additionally compensated for implementing the
restoration policy initiative as described for each scenario. Thus, the estimated annual
compensating surplus that each household would receive is an average of CRC 100,086
(approximately USD 179.57) for scenario I, CRC 43,835 (approximately USD 78.65) for
scenario II and CRC 23,777 (approximately USD 42.62) for scenario III. All of these values
would be conditioned on compliance with the change in the additionality provision of ES.
4.5. Opportunity Costs and Nationwide PES Scheme in Costa Rica
To test the validity of these results, the opportunity costs of implementing restoration
alternatives should be considered. The opportunity cost of an activity is theoretically
defined as the highest profit forgone by not putting the land under an available alternative.
In this case study, cattle ranching is not just the main land-use economic activity amongst
surveyed households; moreover, it is hard to find alternative high-value crops given the
low soil productivity and the other special biophysical conditions of the area. Empirical
studies [117,118] report that about three-quarters of areas under PES schemes have soils
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that do not allow agricultural use. Alternative land uses such as urbanization and tourism
are currently very far from being realistic and suitable options. Hence, the opportunity
costs were calculated for cattle ranching and dual purpose (meat and dairy), with estimated
average annual household benefits of about 175,876.14 and 338,925 CRC/ha/year, respec-
tively. Although net present values should be calculated in order to properly consider these
opportunity costs, since this study is only concerned with comparing programs, only the
on-going year of payments is considered.
With regard to the national PES scheme in Costa Rica, there is a wide range of pay-
ments depending in the restoration category (Table 7). For instance, for a reforestation plan
with fast-growing species (e.g., Vochysia guatemalensis), the payment established for 2017
was CRC 643,107 per hectare for a 5-year period (an average of approximately CRC 128,621
per hectare and per year) by executive order R-541-2016-MINAE. The only plan capable
of fully compensating the opportunity costs for the considered year is reforestation with
native species.
Table 7. Costa Rican PES program reforestation payment levels and categories for 2017.
Categories Hectare/Contract(CRC)
Annual Average Payment
per Hectare First Year Payment per Hectare
Reforestation with fast-growing species 643,107 128,621.4 321,553.5
Reforestation with medium-growing species 757,634 151,526.8 378,817
Reforestation with native species 1,136,451 227,290.2 568,225.5
Natural regeneration 109,106 21,821.2 21,821.2
USD 1 = CRC 557.34 (October 2017).
5. Discussion
5.1. Targeting of Ecosystem Services as a Place-Based Approach
The first research question of this study was how to assess the extent to which cattle
ranching landholders located in the Claro River sub-watershed would be willing to im-
plement restoration projects within their properties through a hypothetical PES scheme.
This question was raised based on the results obtained from primary data through a
GIS-based spatial assessment, which demonstrated the presence of high levels of erosion
susceptibility in the upper sub-watershed and a strong spatial correlation with cattle range-
lands [80,81]. The selection of the erosion control (ERO) attribute along with two other ESs
(water availability and biodiversity) in the CE model allowed us to elicit the respondents’
preferences for them in order. The ERO coefficient was shown to be positive and have the
highest statistical significance, hence it shows that people prioritize restoration strategies
focused on reversing land degradation and erosion risks. The WATER attribute estimate
is also statistically significant (in contrast with the BIO attribute), with a magnitude very
close to ERO. This means that landholders would prefer reforestation actions that would
simultaneously enhance and ensure the delivery of water.
A common concern among researchers and environmental practitioners is the un-
certain environmental effectiveness of nationwide PES schemes. The lack of a spatial
targeting approach and the short-term nature of the programs are cited among the main
concerns [42,58,119]. Although the current Costa Rican PES scheme policy framework
favors those applicants whose properties are located within a pre-established national
biological corridor, the employment of national-scale secondary spatial data necessarily
fails to address an effective place-based approach to target specific ESs.
In this case study, GIS-based erosion susceptibility data allows a spatially related
allocation of payments. A micro-scale approach to the PES scheme would imply a dou-
ble gain in terms of cost-effectiveness. First, a pre-determined ecosystem-based spatial
targeting approach would allow the allocation of financial resources to areas more likely
to enhance specific ESs. Primary SIG-based data and newly developed machine learning
modeling techniques facilitate the spatial allocation of prioritized hotspots. Second, a
micro-scale mapping assessment is essential for allocating specific restoration practices to
tackle land degradation. In this sense, further research is strongly recommended to expand
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the GIS-based spatial assessment in the same location to quantify a wider range of ESs (e.g.,
water availability, biodiversity conservation, carbon sequestration).
5.2. Willingness to Restore Ecosystem Services under a PES Scheme
The first step in targeting the restoration of ecosystem services through a PES scheme
relies on the active involvement of a large proportion of the potential providers. Following
a place-based approach, in this case study, this commitment lies with the cattle farmers.
The overall results of RPL and LC estimates suggest a strong preference among average
landholders for the implementation of restoration initiatives, with the necessary support of
a designed, constructed PES scheme. This result is consistent with the findings of previous
case studies assessing the willingness to accept PES schemes in rural areas in Mexico and
Nicaragua [46–48,50].
However, in this case study, about a third of the respondents clearly opted to maintain
their current livestock production, without any land-use changes in their pastureland
parcels. Most of the dual-purpose farmers preferred to maintain the status quo, although
this choice does not necessarily assume an overall negative environmental opinion.
Two distinctive systems of livestock production were found. On the one hand, larger
holdings, mainly located in the upper watershed, are involved in a cattle ranching-only
scheme, based on selling and buying male bovines. The landholders’ families live in
nearby urban settlements and usually generate extra off-farm income. Most of the holdings
were reported to have less than one animal per hectare, so the revenue per hectare is
low. Aside from the low productivity, the poor soil nutrient availability [120] and climatic
conditions [121] also limit the implementation of alternative commodity crops. On the other
hand, households under dual-purpose schemes are mainly characterized by small-scale
family-based production of milk and cheese. The revenue per hectare is significantly higher
than in the other cattle scheme thanks to the profitable sales of milk and artisanal cheese.
Therefore, the notable divergence in landholders’ stated choices, reflected in these two
distinct systems of livestock production, can be explained by the differences in their land
opportunity costs. This deductive conclusion is closely aligned to existing case studies in
Mexico, Costa Rica, and other Central American countries [46–48,56,63,68]. Furthermore,
it is possible to infer that the average low land opportunity costs and current low meat
prices at local markets could also eventually explain the choice of some respondents for
restoration alternatives.
To examine the extent to which landholders would potentially be eager to implement
restoration actions on their properties under a PES scheme, individual marginal willingness
to accept (WTA) estimates and implicit prices were calculated (see Table 5). Observing the
monetary value of the ASC, landholders on average would require 139,183 CRC/ha/year
(approximately 249.72 USD/ha/year) as a baseline payment to enter the overall program.
To determine internal validity, this amount can be contrasted with the estimated land
opportunity costs for cattle ranching farmers (about 175,876.14 CRC/ha/year). Assuming
that the monetary value of the ASC is normally distributed, it is possible to infer with
reasonable confidence that the observed WTA estimates are within a realistic range.
According to our results, apart from the strategy of reforestation with native species,
the amount of current fixed payments under the Costa Rican PES scheme seems to be insuf-
ficient to fully compensate the average income received by cattle ranching landholders. In
this hypothetical scenario, transaction and operational costs are not considered, otherwise
these would be necessarily assumed by landholders and, as a consequence, could nearly
outweigh the whole compensation payment.
Therefore, landholders’ participation in a potential PES scheme could only be effective
if an external intermediary institution were willing to assume at least the expected high
direct operational costs of implementing reforestation projects. Transaction costs could be
considerably reduced if economies of scale were gained by bundling individual contracts
into a unique global contract. In this sense, given the fact that a discrete CE is basically
designed as an individual decision-making approach, the capability of a community-based
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scheme could change the opinion of some initially reluctant landholders [53]. Thus, future
research should address the design and testing of alternative methodologies that could
contribute to the search for collective decisions by potential beneficiaries, which would
result in an efficient use of available public resources.
Despite the small sample size, we consider these results to be reasonably representative
of the current state of cattle ranching landholders in mountain areas of southern Costa
Rica. However, it would not be accurate to claim external validity outside this area. The
preferences stated by the respondents must be contextualized in their own temporal and
spatial scale. Taking into account the shortcomings of this case study, we demonstrate that
even for a specific site with low land opportunity costs, it would be hard for the current
national PSE scheme for reforestation to fulfil the preferences of landholders.
5.3. Evaluating a Layered Payment Scheme
The Costa Rican PES program includes the ability to enroll a PES scheme under a wide
range of reforestation categories, allowing significant variation in PES levels (see Table 7).
This remarkable advantage implicitly captures latent layered payments that reflect dif-
ferentiated ESs. In this sense, a reforestation strategy with native species may reflect a
biodiversity-targeted approach. However, a baseline spatial dataset is essential to quantify
the added net impact, in terms of enhanced provision of ES derived by the implementation
of reforestation actions. This case study in particular provides GIS-based spatial hotspot data
regarding erosion susceptibility modeling. Further spatial modeling research is required to
provide a baseline dataset regarding water supply or water quality ES.
We consider that the main contribution of this case study consists of incorporating an
ES additionality approach into a small-scale PES scheme. It is argued in [122] that in order
for a PES scheme to be efficient, the actions and derived services paid for are additional to
the status quo, and according to [60] this is a prerequisite for achieving effectiveness. In
this sense, we investigated landholders’ willingness to accomplish reforestation actions,
which imply land-use changes to their properties, in exchange for compensating payments
conditioned on the enhancement of specific ESs. Hence, we designed a CE model by
defining attributes related to the provision of erosion control, water availability, and
biodiversity. The latter was not statistically significant in the econometric analysis and
therefore was not included in further calculations.
Turning to the attributes valued the highest by the landholders, their estimated
marginal WTA measures indicate the required additional payment for enhancing erosion
control (2.54 USD/ha/year) and water availability (approximately 2.17 USD/ha/year). In
order to construct a PES scheme with these findings, there are two alternative strategies: the
traditional bundling, as used by the Costa Rican PES scheme, which consists of grouping
both ESs together in a single package, or layering, by which payments are made separately
for each ES within the same scheme framework.
We consider that the layering approach implies a further improvement step, con-
sidering the following: (1) With the support of baseline spatial datasets, trade-offs and
overlapping effects between the additional enhancement provision of ES can be reduced by
diverting the optimal resources to the required site-specific restoration actions [61]. (2) This
approach would favor the construction of “networked” or multi-level governance, which
refers to the creation of ad hoc horizontal partnerships of institutions and social actors
to manage the PES scheme, ideally based on bottom-up, collective decision-making [61].
As an example, an erosion control scheme could be collectively funded by government
institutions, regarding agriculture and livestock production or risk management, and social
actors, such as local chambers of producers, in parallel with a scheme targeting local water
companies by introducing a tariff to pay for water availability and quality. (3) Layering
ecosystem services would benefit landholders by having additional payments conditioned
on the enhanced delivery of ES.
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6. Conclusions
This paper reports empirical research findings from a CE model integrated with
support from GIS-based spatial data, to explore how landholders around the Claro River
sub-watershed evaluate the option of restoring the region’s ES. The environmental spatial
assessment and existing research evidence demonstrate high levels of erosion susceptibility
in the upper sub-watershed, which leads to land degradation, with impacts on multiple
ESs such as livestock yield, water availability, and biodiversity loss.
The overall CE results indicate that landholders under a cattle ranching regime are
mostly willing to adopt drastic environmentally sound land-use changes if optimal in-
centive payments are provided through a PES scheme. CE also allows us to examine
the presence and potential sources of behavioral heterogeneity across respondents and
to estimate their willingness to accept (WTA) the implementation of restoration practices
on their pasturelands. The larger the pasturelands and associated lower productivity, the
more likely they will enroll in a PES scheme. In contrast, landholders under a dual-purpose
farming scheme are clearly averse to changing their current small-scale mode of production.
Based on the results from this study, households explicitly recognize the benefits
gained by first reducing the risks of soil erosion and land degradation, followed by securing
water availability. The estimated levels of WTA these ESs capture the economic relevance
that people attribute to securing present and future provision. However, in order to
implement restoration projects, the estimated average individual WTA compensation
levels for landholders, which are closely correlated to their opportunity costs, are strongly
affected by the size of their pasturelands. These WTA estimates are a long way from fully
offsetting the current payments offered by the Costa Rican PES program, even if a potential
intermediary entity were to assume the expected high operational and transaction costs.
Moreover, the lack of land tenure rights among most of the landholders would undermine
access to the program.
Beyond these results, this case study assesses the potential benefits of a micro-scale
layered PES scheme based on a spatial targeting approach and landholders’ willingness
to accept payments to provide their most highly valued ecosystem services. This novel
proposal could overcome the main shortcomings of the national PES scheme. However, the
results must be carefully framed in the current temporal and spatial scales of the studied
area and the small size of the surveyed population. Therefore, it is difficult to assume
external validity for other sites in Costa Rica.
Some necessary policy implications should be addressed in order to undertake a
micro-scale PES scheme. First, appropriate policy frameworks and institutional arrange-
ments should be considered to draft flexible payment schemes closely aligned to a spatial
targeting approach, in order to measure the additionality of differentiated ESs. Second, the
development of “networked” or multi-level governance could improve access to alterna-
tive financial mechanisms, to complement the budget-fixed bounds of the nationwide PES
program and play an intermediary role in assuming the expected high direct operational
and transaction costs. Third, the implementation of secured land tenancy rights will be an
inevitable and essential policy.
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